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l. 

Introduction 

. D~termination of the prognosis of the patient with coronary artery disease 
1s an 1mportant part of the patient's evaluation as this determination helps 
generate an overall perspective of the patient and formulate the plan of manage
ment: Furthermore,.determination of the prognosis expected with both medical and 
surg1cal treatment 1s often the most important factor in the decision as to whether 
the patient should undergo coronary artery bypass grafting (CABG) Under certain 
cir~um~ances, coronary angioplasty may be a more appropriate tre~tment. However, 
I w1ll refer only to CABG with the assumption that angioplasty will be substituted 
for CABG, when appropriate. 

As the relationship between prognosis and an increasing number of variables 
become known, the potential for accuracy in determination of prognosis increases. 
However, this increasing number of variables also increases the complexity and 
confusion of the process of determining prognosis. Much of this confusion is 
because a given patient may have apparently different prognoses when the prognoses 
are based on different patient variables. For example, several studies can be 
cited to show that a patient with 3 vessel coronary disease has a certain prognosis. 
In at least one randomized study, the prognosis of symptomatic patients with 3 ves
sel coronary disease is significantly better with CABG than under medical treatment. 
Some have taken this fact to mean that all patients with 3 vessel coronary disease 
should have surgery yet is this assumption correct? What if the patient with 3 
vessel coronary disease is asymptomatic? There is eviden~e t~ suggest t~at ?verall, 
asymptomatic patients have a good prognosis. Therefore, JUdg1ng the pat1~nt s 
prognosis from only the narrow viewpoints of either · Co~o~ary anatomy o~ h1s sympto
matic state may lead to different conclusions. In add1t1on.to the ~arlables.of 
coronary anatomy· and symptomatic state, th~re are othe~ pat1ent v~r1ables wh1ch can 
be used to judge prognosis. The best pat1ent evaluat1on should 1nclude as many of 
the important variables as possible. 

Present evidence indicates that a patient should be characterized in terms of 
a minimum of four variables. These variables are listed in Table 1. 

Table 1. Number of Subdivisions of Variables Important in Predicting Prognosis 

Variable 

Coronary Anatomy 

Left Ventricular Function 

Symptoms and/or Exercise Tolerance 

Recent Infarction 

Total Possible Combinations 

Number of Subdivisions 

4 

4 

3 

2 

96 

Coronary anatomy should be subdivided as ~o whether 1 ~ 2 or 3 vessel disease, or 
left main disease is present. Left ventr1cular funct1on should be subdivided into 
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normal; minimal, moderate or severe dysfunction. Symptoms should be subdivided 
i nto asymptomatic, symptomatic, and unstable. Infarction should either be recent 
or not. These minimal subdivisions set up a matrix of 96 possible combinations. 
When viewed from the . standpoint of determining a prognosis from a comprehensive 
understanding of the interplay of these variables, present knowledge is inadequate. 
There simply are not 96 or more adequate studies of each of these combinations. 
The problem is even more difficult when the question of the value of medical versus 
surgical ther.apy is raised. If each of these 96 combinations had a medical and 
surgical group for comparison, there would be almost 200 groups of patients. A 
reasonable estimate is that each group would need about 100 patients, consequently 
approximately 20,000 patients would have to be studied. Some have argued that the 
value of CABG needs to be studied by randomized trials. (l-9) Most would agree 
that this is ideal. However, when viewed from the perspective given above, trials 
such as would be needed would be very difficult to do, and from a practical stand
point, will never be done. For example, there are 4 randomized trials of CABG of 
over 200 patients which have either been completed or are underway. (10-13) These 
are listed in Table 2. 

Table 2. Randomized Studies of Coronary Artery Bypass Grafting Consisting of Over 
200 Patients 

Study 

Completed 

VA Coop 

European Coop 

NHLI Unstable Angina 

Underway 

CASS 

Number of Patients 

686 

768 

288 

780 

These randomized trials have been conducted at a great deal of effort and 
expense. The information learned from these trials has been of great help, but 
the information is far short of that needed to answer the question of whether 
surgery should be done for the unique set of conditions of each individual patient. 
It is unlikely that larger trials will be conducted soon. Randomized trials of 
the treatment of coronary artery disease are particularly difficult because they 
must span a long period of time, frequently necessitating that new investigators 
pick up where the old investigators have left. (l) An additional problem that 
brings up ethical questions is that the purpose of these trials is to determine 
the value of medical versus surgical therapy in prolonging life. Surgery has 
already been shown to relieve angina. A frequent dilemma arises when a patient 
randomized to medical therapy has angina that could only be relieved by surgery . 
The investigator is then torn between his obligation to the patient and to science. 
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Because - ~f these _ problem~, a pe~fect guide to the determination of prognosis 
based on mult1ple pat1ent var1ables 1s not now available, nor will be available soon. 
However, much information is available which can be used to construct a framework of 
the different variables within which the trend of the missing information can be 
seen more clearly. 

In this discussion, I will give an overview of the relationship of the variables 
have listed to progoosis. I will first treat each variable independently. Then, 

w~ere possible, I will treat variables in conjunction with each other. Finally, I 
w1ll compare each variable to its effect on the difference in prognosis of medical 
and surgical therapy. 

Prognosis will be measured in terms of mortality. Although infarction is another 
method to judge prognosis, it is more difficult to define than death and therefore will 
not be used. In order to compare mortality rates from different studies, mortalities 
will usually be given in terms of annual mortality, which will simply be calculated 
by dividing the reported mortality by the years of followup. Although this method of 
comparison is not totally valid if mortality rates are not linear over time, the com
promise will be made for ease of comparison. The mortality rates of patients not 
treated surgically will be termed medical annual mortality, while the mortality rates 
of patients after they have had surgery will be termed surgical annual mortality. Dif
ferent forms of medical treatment will not be compared. 

Several approaches will be used to help determine whether medical or surgical 
therapy affords the best prognosis. The simplest, and probably most often intuitively 
used, is the determination of the medical prognosis alone. If the medical annual 
mortality is low, then surgery can offer little or no improvement. On the other hand, 
if the medical annual mortality is high, then surgery potentially could help. A con
cept that has been suggested is that surgery tends to "fi x" the prognosis at an annual 
mortality rate of 1-3%. (14-16) Therefore a surgical advantage or disadvantage can 
be implied based on whether the expected medical annual mortality is above or below 
this figure. This concept is, of course, highly speculative and unproven, but there 
is some evidence for it. The biggest group where it is of doubtful validity is the 
group of patients with poor left ventricular function. Medical and s~rgical ther~py 
can be better compared when the mortality after each form of therapy 1s measured 1n 
a defined group of patients. The better defined and matched the groups are, the more 
valid is the comparison. (9) In some non randomized studies the matching of patients 
in the medical and surgical groups has been very thorough. (17-18) There is a ten
dency to accept these studies as being as valid as randomized studies. However, 
randomization not only is more effective in minimizing the difference between groups 
of measurable variables, but also of unmeasurable variables. (5) Two va~iable~ which 
are virtually never measured are the patient's overall condition and the 1ntegr1ty of 
the coronary vessels distal to the proximal coronary lesions. These factors are 
always subjectively assessed and enter into decision making to ~n unk~own degree. 
Thus, when patients have had medical or surg~cal therap~ follow1ng wh1~h results are 
retrospectively analyzed, an important quest1on to ask 1s why were pat1ents, who 
seemingly were identical, advised to have different forms of therapy . 

Whether randomized or not it must be remembered that even if medical and surgical 
treatment have the same effect'on prognosis, there is a 1/20 chance that a difference 
in effect will be shown which is statistically significant at the .05 level. (19-20) 
This problem becomes much more serious when multiple subgroups are an~lyzed. For 
instance, if a study is done in which 10 subgroups are analyzed, and 1n_real ty 
there is no difference in treatment effect in any of ~he.groups,_th~r~ 1s st 11 a 
40% chance that one of the subgroups will show a stat1st1cally s1gn1f1cant d ffer-
ence at the .05 level. 
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It is also important to remember that a study of the effect of two t reatments 
has 3 ou t comes. The study can show that the effects of the two treatments are 
statistically different; the study can show that the effects of the two treatments 
are statistically the same; or the study may neither show that the effects of treat
ment are different or the same. Frequently, it is assumed that a study which does 
not show a statistically significant difference of treatment automatically shows that 
the treatments are the same. But this is far from the case. In fact, in one study 
that looked at 71 "negativf!" randomized trials, the authors found that 67 of the 71 
trials had a greater than 10% chance of missing a difference in treatment of 25 %. (21) 

With all of the problems in the studies and their designs, it i s clear that a 
point will rarely be settled by one study. However, when a point is consistent 
throughout several studies, the point should be considered more valid . 

Physiologic Rela t ionship of Measured Variables to Death 

The chief prognostic variables which are to be discussed subsequently are 
coronary anatomy, left ventricular function, symptomatic status, exercise test per
formance, and proximity to recent infarction. Before proceeding with the epidemio
logic data , the physiologic rationale for these different variables will be put i nt o 
perspective. 

The sequence of events and their relationship to potent i al death in the patient with 
coronary disease is diagrammed in Figure 1. 

CORONARY DISEASE CORONARY DISEASE 
WITH WITH 

NON JEOPARDIZED ~ JEOPARDIZED 
MYOCARDIUM MYOCARDIUM 

~ REVERSIBLE ~ DEATH 
ISCHEMIA 

~ 1 <ARRHYTHMIA~DEATH 
INFARCT 

ACUTE __ ....._ 
FAILURE ----"7 DEATH 

CHRONIC 
'-------------< VENTRICULAR 

DYSFUNCTION 

CHRONIC ~DEATH 
FAILURE 

Figurel . Physiologic progression of coronary artery di sease with emphasis on the 
mechanism of death at differen t stages. 

c.r:. --. -····· --· - . -
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The coronary anatomy, as determined angiographically, is a measure of the 
extent of the basic pathologic problem. Anatomic coronary disease may result in 
no impairment to coronary flow; diminution in flow to a segment of myocardium 
sufficient to cause death of the segment; or a situation in which the flow is 
adequate to keep the muscle segment alive, but inadequate to supply the increased 
flow demands during times of myocardial stress. This latter condition in which 
flow is marginally adequate is said to result in "jeopardized myocardium." It 
may result from subtotal occlusion of a coronary vessel or collateral flow distal 
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to a totally obstructed vessel. The presence of jeopardized myocardium can be 
inferred from the coronary anatomy as seen by angiography. However, it is prob
ably better measured by stressing the ventricle with exercise and observing for 
evidence of ischemia by electrocardiography, symptomatology, radionuclide angiography, 
or perfusion scanning. The presence of jeopardized myocardium is best used as 
evidence of a tenuous supply-demand balance. The presence of jeopardized myocardium 
alone probably rarely causes death, as evidenced by the safety of routine exercise 
testing,when ischemia is regularly induced. 

Ou t side of death, the most important event in the progression of coronary 
disease is infarction. If impending infarction could be predicted, the prognosis 
of a patient could be determined much more accurately than can be done at present. 
However, it is now known that infarction is usually caused by thrombosis in the 
coronary artery. (22-23) Although the thrombosis usually occurs in severely sten
otic vessels, (24-26) there is not a good correlation between the severity of ob
struction and occurence of thrombosis. Hence, measurement of the severity of 
myocardial jeopardy is imperfectly predictive of the probability of infarction. 

Most of the deaths due to coronary disease occur soon after the onset of 
infarction . These are due either to fulminant hemodynamic failure or ventricular 
tachycardia-fibr i llation . Other than acknowlcidgtng the high incidence of acute 
death with infarction, this phase will not be discussed further. If the patient 
does not die during the acute infarct period, his ventricle compensates to a vari
able degree. The left ventricular function with which the patient is left is 
dependent on the amount of myocardium infarcted and the extent of compensation. 
The left ventricular function wtth which the patient is left is another important 
prognostic factor. 

Patients in the stage of chronic ventricular dysfunction may die because of 
chronic heart failure, ventricular tachycardia-fibrillation generated in the scar
red myocardium, or by repeating the overall cycle and reinfarcting . The presence 
of chronic heart failure is usually easy to diagnose. However, the determination 
of whether a patient with chronic ventricular dysfunction di es because of a ven
tricul ar arrhythmia which is due to myocardial scarring or to reinfarction is more 
difficult to decide. It is apparent that both mechanisms cause death but their 
relative incidence is uncertain. The question is more than academic since CABG 
can potentially prevent future infarction, but is of little benefit in preventing 
arrhythmias due to myocardial scarring. (27-29) The approach to the patient wi t h 
known serious ventricular arrhythmias due to myocardial scarring has been studied 
extensively and is generally considered more as an arrhythmia disorder than as a 
coronary artery disease disorder. (30- 33) 

Mortality is higher in the post infarction period than at other t imes. (34) 
Consequently, the variables which are helpful in determining prognosis during this 
period have been studied in much detail recently. The probable reason for ~he 
high mortality during the post infarct period is that a new coronary perfus1on 
pattern and state of ventricular function is established. Patients that react 
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adversely to these new conditions are selected out and die. 

Coronary Anatomy 

. The coronary anatomy as determined by coronary angiography, is a strong pre
dlctor of medical prognosis. Early studies done chiefly in the late 1960's first 
established this relationship and were summarized in a review in 1974. (35) 
Although the relationship between coronary anatomy and medical prognosis has been 
supported by other studies since this 1974 publication, the annual mortality for 
any given coronary anatomy has declined since that time. The results that will 
be presented are from these later studies. The reason for this apparent decrease 
in medical mortality is unknown. It may be secondary to an actual improvement in 
medical treatment, a difference in patient variables other than coronary anatomy, 
or to better angiographic resolution which would result in a given patient being 
graded as having worse anatomy. 

The annual mortality of patients with single vessel disease in studies which 
look at just medical annual mortality, just surgical annual mortality, and both non 
randomized and randomized comparisons of medical and surgical mortality are shown in 
Table 3. It is apparent that in general the survival of patients characterized only 
as having single vessel disease is not increased by CABG. 

These studies generally consist of patients with normal or only moderately abnormal 
ventricular function, and they represent a wide spectrum of clinical presentations. 
In the European Coop Study, all patients had an ejection fraction >.50 while in the 
VA Coop Study, 79% of the patients had an ejection fraction >.45. In the randomized 
studies, the investigator had to think it was ethically appropriate to either per
form or withhold surgery on each patient. Therefore, patients with the least and 
most severe degrees of angina would tend to be eliminated. 

Table 3. Medical and Surgical Annual Mortality of Patients with Single Vessel Disease 

Center 

CASS (36) 

Baylor (37) 

Oregon ( 38) 

Buffalo (39) 

Duke ( 40) 

VA Coop (10) 

Annual Mortality( %) 
Medical Surgical 

2 

2 

1.5 1.5 

2 2 

.l!.r--

Fo 11 ow up 
{yrs) 

4 

10 

10 

5 

7 

6 

Remar ks 

Unstable Angina 

Rand omized 
Stable Angina 

II 



-·-~ -~-

7. 

The vessel which is diseased in single vessel disease may make some difference in 
prognosis. In Table 4 (40) the medical annual mortality of the different vessels 
is given. While these medical annual mortalities are not compared to surgery, it 
seems obvious that right coronary artery •disease would benefit little from surgery. 

Table 4. Medical Annual Mortality of Patients with Single Vessel Disease According 
to Disease Location 

Vessel 

Right 

Circumflex 

Left Anterior Descending 

Annual Mortality(%) 

.5 

2 

2 

Fa 11 owup ( yrs) 

7 

7 

7 

If the disease is in the left anterior descending artery, prognosis varies depending 
on whether the lesion is proximal or distal. This is indicated in Table 5. The 
European Coop Study uses 2 vessel disease, but is included for corroborative evidence. 
The Duke Study is non randomized while the European Study is randomized. 

Table 5. Medical Annual Mortality of Patients According to Whether LAD Disease is 
Proximal or Distal 

Center 

Duke (40) 

European Coop 
( 11) 

Disease 

Single LAD 

Proximal 

Distal 

2 Vessel 

Pro ximal LAD 

Distal LAD 

Annual Mortal it,l % 
Medical Surgical 

2 

. 5 

3 1.5 

1.5 

Abbreviation: LAD = Left Anterior Descending Artery 

Fa 11 owup (yrs) 

5 

5 

6 

6 

Comparative studies of 2 vessel disease are shown in Table 6. Again little 
difference in annual mortality is apparent, chiefly due to the fact that the 
medical annual mortality is too low to be significantly improved upon. 
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Table 6. Medical and Surgical Annual Mortality of Patients with 2 Vessel Disease 

Center 

CASS (36) 

Baylor (37) 

Oregon ( 38) 

Buffalo (39) 

Duke (17) 

European Coop (11) 

VA Coop (10) 

Annual Mortality (%) 
Medical Surgical 

4 

2 

2 

2 

3 

2 

2 

4 

Followup 
(yrs) 

4 

10 

10 

5 

7 

6 

6 

Remarks 

Unstable 
Angina 

Stable Angina 
Normal LV 

Randomized 
Stable Angina 

Normal LV 

Randomized 
Stable Angina 

Comparative studies of patients with 3 vessel disease are shown in Table 7. 
Medical annual mortality is higher with 3 vessel disease than with 1 or 2 vessel 
disease. However, surgical annual mortality remains low. Thus, a trend toward 
a beneficial effect of surgery is shown with 3 vessel disease. In the randomized 
European and VA Cooperative Studies, the beneficial effect of surgery is statisti
cally significant. (In the VA Study, the difference in survival with 3 vessel 
disease is significant if the 10 hospitals with acceptable operative mortality 
are used and is not significant if all 13 participating hospitals are used). 

Table 7. Medical and Surgical Annual Mortality of Patients with 3 Vessel Disease 

Annual Mortalit,l (%) Foll owup 
Center r1ed i ca 1 Surgical (_lrs) Remarks 

CASS (36) 8 4 

Baylor (37) 5 10 

Oregon (38) 1.5 10 Unstable 
Angina 

Buffalo (39) 5 

Duke (17) 2 7 Stable Angina 
Norma 1 LV 

European Coop (11) 3 6 Randomized 
Stable Angina 

Normal LV 

VA Coop (10) 6 3 6 Randomi zed 
Stable Angina 

-'& 

""' •• i 



.... - • ;t•• • • 

: .l~ . ----~-

·.j 

i 
t 

.. 

9. 

Patients with left main disease have a poor prognosis when managed medically. 
The high medical annual mortality rate of these patients is shown in Table 8 . 
Because of the low surgical annual mortality, there is a highly significant dif
ference in prognosis. between medical and surgical treatment. 

Table 8. Medical and Surgical Annual Mortality-of Patients with Left Main Disease 

Annual Mortalit,l (%) Fo 11 owup 
Center Meaica1 Surgical {,lrS} Remarks 

CASS (41) 10 3 3 

European Coop (11) 7 3 6 Randomized 
Stable Angina 

Normal LV 

VA Coop (10) 10 3 3.5 Randomized 
Stable Angina 

Both the severity of the stenosis of the left main artery and the presence of 
right coronary artery disease affect the prognosis of the patient with left main 
disease. It seems that these factors chiefly worsen medical annual mortality while 
causing little effect on surgical annual mortality. Thus, the worse the lesion and 
the presence of right coronary disease appear to increase the beneficial effects of 
surgery. These relationships are shown in Tables 9 and 10. 

Table 9. Medical and Surgical Annual Mortality .of Patients with Left Main Disease 
Subdivided According to Severity of Lesion 

Stenosis Annual Mortal it,l (%} Followup 
Center Severit,l (%} Medical Surgical (,lrS} Remarks 

Duke (4.2) 50 - 70 11 3 
> 70 19 

Montreal (43) 50 - 65 10 3 5 
> 70 10 4 

CASS (41) 50 59 6 2 3 
60 69 12 3 
70 - 79 11 3 

> 80 17 3 

VA Coop (15) 50 - 75 5 2 3.5 Randomized 
> 75 15 5 

-- (r-_ 
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Table 10. Medical and Surgical Annual Mortality of Pat i ents wi t h Left Main Disease 
Subdivided According to Presence of Right Coronary Disease 

Right Coronary Annual Mortal it~ (%) Followup 
Center ·Disease Medical Surgical (yrs) 

Montreal (43) Absent 6 2 5 
Present 12 5 

CASS (41) Absent 4 2 3 
Present 12 3 

The overall relationship between coronary anatomy and prognosis can be seen more 
clearly when the information in the preceding tables is combined in Fi gure 2. The 
dotted lines connect the medical and surgical annual mortality data points when the 
data is from a randomized study. 
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Figure 2. Medical and surgical annual mortality of pat ients subdivided acco rding 
to coronary anatomy. The solid lines indicate a matched, but non 
randomized study. The dotted lines indicate a randomized study . 
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The graph illustrates the dependence of medical annual mortality on coronary 
anatomy. Furthermore, the graph illustrates the relative independence of surgica l 
annual mortality on coronary anatomy. Points connected by a dotted line indicate 
a randomized study. Thus, the advantage of surgery in improving survival increases 
as the coronary disease becomes more severe. This graph is an illustration of the 
previously mentioned· concept that the advantage of surgery depends on the medical 
prognosis. 

In patients who are symptomatic, have good or moderately diminished left ventPicular 
function, and have distal coronary artePies suitable for grafting: 

Medical prognosis worsens as the anatomic extent of coronary disease 
beaomes more severe 

Surgical prognosis changes little as the anatomic extent of coronary 
disease becomes more severe 

Surgical prognosis is better than medical prognosis in the presence 
of 3 vessel and left main coronary disease 

Ventricular Function 

Left ventricular function has long been recognized as an important predictor 
of prognosis. When not qualified further, the term 'ventricular function' in 
reference to coronary artery disease is usually meant to imply the function of 
the left ventricle in the resting or non stressed state. It is usually measured 
at cardiac catheterization or by radionuclide angiography. Results are usually 
expressed as the ejection fraction. The normal average ejection fraction is .67 
and the lower limit of normal is .50. Ventricular function and the severity of 
coronary disease are not well correlated, (44) consequently they are independent 
predictors of prognosis. In Tabl e 11, the medical annual mortality of patients 
is shown. The patients are grouped by number of vessels diseased and ventricular 
function. These patients are from Duke (45) and the CASS Study (36), and were 
followed for 5 and 4 years respectively. The patients represent a wide spectrum 
of symptoms. The independent and cumulative effect of the severity of coronary 
disease and ventricular function is apparent . 

Table 11. Nedical Annual Mortality of Patients Subdivided According to Coronary 
Anatomy and Left Ventricular Function 

Number of CASS (36) Duke (45) 
Diseased Ejection Fraction Ventricular Function 
Vessels .50-1.00 .35-.4g <: .34 Norma 1 Abnormal Very_ Abnorma 1 

2 6 4 

2 2 4 11 2 3 16 

3 4 7 1 2 3 7 12 
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Soon after coronary bypass surgery became established, two important facts 
became apparent. The first fact was that surgery did not cause an improvement in 
ventricular function. The second fact was that operative mortality was highly 
dependent on ventricular function. In fact, as shown in Table 12, operative 
mortality was so high in patients with poor ventricular function that surgery was 
generally not considered for these patients. 

Table 12. Operative Mortality for CABG Performed in About 1970 

Center I Ejection Fraction Operative Mortality % 

Seattle (46) 
< .33 33 
> .33 3 

Boston ( 47) 
< .50 35 
> . 50 3 

Pennsylvania (48) 
. 12 - .30 25 
.31 - .40 12 
.41 - .50 4 
> .50 . 4 

Duke (49) 
< . 25 55 
> • 25 4 

However in the 1970's surgical techniques were improved and operative mortality in 
patients with poor ventricular function decreased dramatically. This later operative 
mortality, in comparison to ventricular function, is shown in Table 13. This table 
comes from the CASS Study which is a prospective study of over 6,000 patients from 
15 centers (50), consequently, it is broadly representative. The patients were 
entered between 1974 and 1979. 

Table 13. Operative Mortality for CABG Performed In 1974-79. (CASS Study) 

Ejection Fraction Operative Mortality % 

< . 19 7 

.20 - .29 4 

.30 .39 2 

.40 - .49 3 

> .50 2 

·---~ ~-~ ----
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Thus, unreasonably high operative mortality is no longer an absolute reason to 
not operate on patients with poor ventricular function. 

The annual mortality of patients with 1 vessel coronary disease, subdivided by 
ventricular function is shown in Figure 3. 

16 

14 • MEDICAl -MATCH£0 

o SURGICAL. --•• RAHCIONlZED 

4 
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M s M s M s M s M s 
NORMAL NORMAL AND MILDLY MODERATELY VERY 

MILDLY ABNORMAL ABNORMAL ABNORMAL 
ABNORMAL 

VENTRICULAR FUNCTION 

Figure 3. Medical and surgical annual mortality of patients with single vessel 
disease subdivided according to ventricular function. 

This graph and the subsequent graphs in this section are based on studies which 
were reported in the late 1970's and early 1980's, consequentl y , they represent 
patients studied in the mid to late 1970's. (18,37 ,38,41 ,43,51 ,36,45) The patients 
represent a wide spectrum of symptoms. They have been followed for 4 to 10 years. 
Two poi·nts connected by a solid 1 ine means that the patients came from the same 
study while two po i nts connected by a dotted line means that the patients were 
randomized. Because different methods of measuring ventricular function were used, 
the ventricular function groups used are somewhat arbitrary so that all studies 
could be shown together. Normal ventricular function means no wall motion abnormal
ity whatsoever. Mildly abnormal function means that a wall motion abnormality is 
present, but that overall ventricular function is good with an ejection fraction 
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fraction from .30 - .35 to .45 - .50. Very abnormal ventricular function means 

14. 

an ejection fraction below .25- .30. Notice that there is only a possible slight 
rise in medical and surgical annual mortality as ventricular function worsens. 
There is no difference in medical and surgical prognosis. 

The annual mortality of patients with 2 vessel disease is shown in Figure 4. 
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Figure 4. Medical and surgical annual mortality of patients with 2 vessel disease 
subdivided according to ventricular function. 

Notice that the medical annual mortality is clearly dependent on ventricular function. 
There is insufficient information to make a statement about surgical annual mortality. 

The annual mortality of patients with 3 vessel disease is shown in Figure 5. 
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15. 

Figure 5. Medical and surgical annual mortality of patients with 3 vessel disease 
subdivided according to ventricular function. 

Again notice that in patients with 3 vessel disease, the medical annual mortality 
increases with worsening ventricular function. The surgical annual mortality appears 
to improve over medical annual mortality as ventricular function worsens, but the 
data are insufficient to be conclusive. 

The annual mortality of patients with left main disease is shown in Figure 6. 
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Figure 6. Medical and surgical annual mortality of patients with left main disease 
subdivided according to ventricular function. 

On this graph , the high mortality of left main disease accentuates the cor
relation of mortality with ventricular function. Both medical and surgical annual 
mortality increase as ventricular function worsens. However, medical annual mor
tality increases more than surgical annual mortality with the result that surgery 
offers a better prognosis than medical treatment. This surgical advantage appears 
to increase as ventricular function worsens . An important reservation to this 
statement is that the studies in the two worse ventricular function groups were 
not randomized studies. 
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17. 

Both medical and surgical annual mortality increase as ventricular function 
worsens 

Ventricular function- contributes to annual mortality independently of coronary 
anatomy 

Studies comparing medical and surgical annual mortality in the worst ventricular 
function groups are not randomized, however: 

Worsening ventricular function seems to contribute independently to the 
improvement in prognosis caused by surgery 

Symptoms and Exercise Tests 

The symptomatic status and exercise test performance will be considered 
together because they are generally considered to be indicators of the degree to 
which myocardium is in jeopardy. Occasionally, the symptoms and exercise test 
performance will not agree as to the degree to which they indicate that myocardium 
is in jeopardy. An example is the asymptomatic patient with ST depression during 
an exercise test. The resolution of problems such as this can be complicated, 
however a simplistic solution is to try to decide what the combination of results 
best suggests in terms of myocardial jeopardy. If the answer is not clear, then an 
additional study such as coronary angiography or a different form of stress 
testing, such as radionuclide angiography or thallium scintigraphy, should be done. 

Unstable Angina 

Unstable angina is a syndrome generally defined as angina at rest or a 
worsening angina pattern. In the studies to be discussed, it has generally been 
a requirement that the syndrome be severe enough to warrant admission to a coronary 
care unit. Unstable angina has generally been thought to portend a worse prognosis 
than stable angina. However, the prognosis actually found in different studies 
varies widely. In this discussion, I will summarize only some of the most recent 
studies in which the patients were either well characterized or were randomized 
to medical or surgical therapy. The study of unstable angina is somewhat dif
ferent from the study of other classification characteristics because patients 
usually have unstable angina only for a short ttme. Consequently, the usual 
study involves pattents with angina who have a htstory of unstable angina. 

Patients treated medically for unstable angtna have a surprisingly low hospital 
mortality ranging from 0- 5%. (12,52,53,54,55,56) In most studies, this death 
rate is not high enough to divide the prognosis on the basis of coronary anatomy. 
However, in one study of 188 patients with unstable angina, the hospital mortality 
was 4% overall. When subdivided by coronary anatomy, the hospital mortality was 
30% in the 11% of patients with left main disease and 0.7 % in the rest of the 
patients without left main disease. (55) 
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The medical annual mortality of patients in the 2-4 years after a period of 
unstable angina is 4-6%, (52,12,54,57) as shown in Figure 7. 
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Figure 7. Medical and surgical annual mortality of patients with unstable angina. 
For comparison, the results of the VA and European Cooperative Study on 
stable angina are shown. 

Mortality was not determined based on coronary anatomy, however there were approx
imately equal numbers of patients with 1, 2, and 3 vessel disease. Patients with 
left main disease were excluded from the studies with the 4 and 4.5 % annual mor
tality. Patients with left main disease comprised 7% of the patients in the study 
with a 6% annual mortality. (57) As shown on the graph for comparison, the 
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medical annual mortality of the patients with unstable angina is similar to t he 
medical annual mortality of the patients with stable angina in the VA and European 
Cooperative Studies . . (10,11) 

The operative mortality of patients with unstable angina varies from 1.8 - 8% . 
(58,12,50,38) As with stable angina, this mortality is dependent on the presence 
of left main disease and left ventricular function . (58) The presence of unstable 
angina itself probably increases the operative mortality only slightly. In the 
large CASS Study, the operative mortality was 3.5% for patients with unstable 
angina and 2.5% for patients with stable angina. (50) 

The surgical annual mortality var i es from 2% in a large study in which pat i ents 
were followed 10 years postoperatively to 5% in the NHLI Study in which patients were 
followed for 2 years. (12) In the study with 10 year followup, there was no differ
ence in surgical annual mortality between patients with 1, 2, and 3 vessel disease. 
(38 ) These surgical annual mortalities are also shown on the above graph along with 
the surgical annual mortalities of patients with stable angina in the VA and European 
Cooperative Studies. Here again the similarities of annual mortalities between 
patients with unstable and stable angina are a~parent . 

The 3 randomized studies of patients with unstable angina in which patient s were 
followed for a mean time of 4, 18 and 30 months have shown no difference in med ical 
or surgical therapy. (13,54,53) Only 1 of these studies is shown on the above graph 
because the mortality figures in the other studies could not be converted to annual 
mortality. 

Several important points should be made about the foregoing results and di s
cussion. The first point is that the studies were generally of patients who pre
sented with unstable angina who had not received intensive med i cal t herapy. If 
the patients promptl y responded to medical therapy and stabilized, they we re st ill 
considered to be in the unstable . group. Consequentl y , the patients in these studies 
may not be completely representative of the problem patients who are poorl y r espon
sive to med i cal therapy. The overall effect of this situation is that medical sur
vival in these studies may be better than with the problem patient with uns t able 
angina. The second point is that in the randomized studies, catheterizat ion and 
surgery we re generally performed soon after admission, before medical stabilization 
was obtained. It is now generally agreed that catheterization and surgery pe r formed 
before medical stabilization entails more risk than after stabilization, and further
more the delay while attempting stabilization does not materially increase the r is k. 
(59,60,61 ,62,63) Therefore, the operative mortality and consequent surgical annual 
mort ality in patients who have been stabilized may be better in current pract ice 
than indicated by these randomized studies. Finall y , patients who are t rea t ed 
medically for unstable angina usually stabilize, but still have severe stabl ~ a n g i~a. 
Thus, even in the 3 randomized studies where an attempt was made to keep pa t 1ents 1n 
their ortginal treatment group, the crossover rate of patients from medical to sur
gical treatment was 36-42%. (12,54,53) 
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The medicaZ ana surgical annuaZ mortaZities of patients with unstabZe angina 
are probabZy ZittZe different than patients with stabZe angina 

After stabiZization of unstabZe angina, there is a high probabiZity of severe 
stabZe angina. 

Surgery shouZd not be performed mereZy because of a history of unstabZe angina. 

A suggested approach is to stabilize patients medicaZZy, then to reevaZuate and 
base therapy em current cZini·caZ status, coronary anatomy, and ventricuZar 
function 

Randomized studies have not shown a difference in mortaZity between medicaZ 
and surgical therapy 

These conclusions and recommendations apply to patients who have either not 
received maximal medical therapy or have responded to medicine. They do not 
apply to patients who are refractory to maximum medical therapy. In these 
patients surgery is generally indicated, but there are no studies of this 
situation 

Asymptomatic State 

20. 

The presence of coronary- disease is usually detected in · the asymptomatic patient 
either by the presence of a previous myocardial · infarction or by coronary angiography 
after the finding of an abnormal electrocardiographic response to a screening exercise 
test. It is important to realize that coronary disease is present in only 26-37% of 
asymptomatic patients who have ST depression on exercise testing. (64) It is also 
important to realize that most articles with a title that suggests a study of asympto
matic patients include a substantial number of patients with previous infarctions. 
(65,72,66,67,68,7g,l8) 

The only study in which a larger number of asymptomatic patients with proven 
coronary disease, who had not sustained a previous infarction, comes from Bs 
Air Force Base. Ninety patients were followed for an average of 57 months. Of 
these patients, only 2 died for an annual mortality of 0.5%. (69,70,71) Of these 
90 patients, 22 developed cardiac events, of which 16 were new angina, 4 were 
infarction, and 2 sudden death. 

The rest of the information comes from studies in which patients with previous 
myocardial infarctions were included. These patients were either asymptomatic or 
mildly symptomatic, and had been followed for 2-7 years. In Figur~ 8, t~e medical 
annual mortality of asymptomatic patients is shown, and where poss1ble, 1s compared 
to the medical annual mortality of the symptomatic patients from the same institu
tion. (65,72,18) These comparisons are indicated by the solid lines. This graph 
suggests that the annual mortality of asymptomatic patients is lower than sympto
matic patients, but is still appreciable. 
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according to ventricular function and coronary anatomy. The solid 
lines indicate the patients came from the same institution. 
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In the Figure 9, the results of several studies of the medical and surgical 
prognosis of asymptomatic or mildly symptomatic patients is shown. (66,67,68 ,1 8) 
In the results , the matched studies are connected by the solid lines. In the 
same study which shows a difference in mortality of 3 vessel disease with an 
ejection fraction of 31-50, patients with 1 and 2 vessel disease, both with 
ej ection fractions of 31-50 and over 50, showed no difference in medical and 
surgical annual mortality. {_18) 
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M s 
EF 31-~0 

Figure 9. Medical and surgical annual mortality of asymptomatic or mildly symptomatic 
patients subdivided according to ventricular function and coronary anatomy. 

Therefore, there is not much information on the asymptomatic patient. The 
available evidence suggests that asymptomatic patients with 3 vessel disease and 
diminished ventricular function may have an improved prognosis with surgery. However, 
patients with 1 and 2 vessel disease, and those with 3 vessel disease and good ven
tricular function do not have an impr~ved prognosis with surgery. In general, this 
question of the asymptomatic patient should be approached in conjunction with the 
exercise test. More information on the minimally symptomatic patient may be avail
able soon since it ts one of the goals of the randomized portion of the CASS study 
now underway. ( 13) 
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Exercise Test 

Clinical exercise testing (73) usually calls for the patient to exercise on a 
bicycle or treadmill as the resistance to pedaling, speed, or grade is gradually 
increased. At some point, the patient will have to stop because of the onset of 
some symptom. If the patient is limited because of coronary artery disease, this 
symptom will usually be secondary to stress induced ischemia of the ventricle. Thus, 
the symptom will be angina, due to the ischemia; or dyspnea, fatigue, or dizziness, 
due to ventricular dysfunction secondary to the ischemia. Therefore, the amount of 
exercise the patient can tolerate before any of these symptoms develop is an impor
tant measure of the functional reserve of the ventricle. The implication is that 
this exercise tolerance is inversely proportional to the degree to which myocardium 
is in jeopardy. A difficulty with the evaluation of exercise tolerance is that it 
is sometimes difficult to distinguish whether vaguely defined symptoms are secondary 
to ventricular ischemia or another etiology. 

In studies of patients with coronary artery disease who were followed for 2-5 
years after the exercise test, their medical annual mortality was dependent on the 
stage of the exercise test which they could enter. (i.e. Stage II means completion 
of Stage I). The results of these studies are shown in Figure 10. (74,75,76,77,78) 
Stage I indicates severe limitation while Stage IV is approximately a normal exercise 
to 1 erance. ( 73) 
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Figure 10. Medical annual mortality of patients subdivided according to stage of 
Bruce protocol that patient entered (i.e. Stage II means patient finished 
Stage I). 
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When the patient population is subdivided into groups based on both exerc i se 
tolerance and coronary anatomy, it is apparent that prognosis is independently 
correlated to both methods of classification. The medical annual mortality of 
patients subdivided in this manner are shown in Table 14 . Unfortunately, infor
mation is not available for left main disease. 

Table 14. Medical Annual Mortality of Patients Subdivided According to Exercise 
Tolerance and Coronary Anatomy 

Number of D1seasea Vesse1s 
Exercise 

Center Tolerance 2 3 

Quebec {77) 0 5 14 

I I 4 7 

III 2 3 3 

NHLI (72) poor 9 
<2 

good 4 

Abbreviations: I, II, III =Stages of Bruce protocol; poor = < 100 watts 
(approximately midway between Stage I-II); good=> 100 watts 

From these studies, it appears that patients with a good exercise tolerance have a 
low medical annual mortality regardless of their coronary anatomy. However, patients 
with a poor exercise tolerance have widely divergent annual mortality depending on 
their coronary anatomy. 

Another measurement usually made during exercise testing is the presence and 
depth of ST segment depression. In principle, this measurement has a quite dif
ferent meaning than exercise tolerance. Since ST segment depression is just one 
of the sequelae of myocardial ischemia, its presence and depth is partially related 
to the time relationship which it has relative to the development of symptoms. On 
the one hand, intolerable symptoms may develop before the onset of ST depression. 
On the other hand, ST segment depression may be profound before symptoms develop. 
In one study, the mean duration of exercise after the ST segment depressed 1 mm 
was 1.9 minutes with a range of 0-7 minutes. (78a) In another study! the d~p~h 
of ST segment depression did not correlate with the extent of pe~fus1on def1c1~ 
by thallium scanning. (79) An important advantage of ST depress1on, however, 1s 
that it is a more specific finding than symptoms. 

The depth of ST depression has been commonly thought to be an important prog
nostic variable. However, a much discussed article in the New England Journal of 
Medicine in 1981 (76) pointed out that this may not necessarily be the case. In 
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their series of 142 patients with exercise induced ST segment depression ~ 2 mm 
who were followed for 5 years, the annual mortality was only 1. 4%. Other studies 
do not have as dramatically low an annual mortality as the NEJM study, however 
these other studies support the idea that the depth of ST depression has a modest, 
but not profound, effect on prognosis. These studies are shown in Table 15 . 
Patients were followed for 2-4 years. 

Table 15. Medical Annual Mortality of Patients According to Severity of Exercise 
Induced ST Depression 

Center I ST Depression 

Seattle (74) 

ST present 

ST absent 

Boston University (75) 

> 2 mm ST 

1-2 mm ST 

0-1 mm ST 

Du ke (78 ) 

::: mm ST 

< 1 mm ST 

NHLI (72) 

<! 2 mm ST 

< 2 mm ST 

Annual Mortality (%) 

no difference 

3 

2.5 

0.5 

6 

3 

4 

2 

Abbreviations : ST Exercised induced ST depression 

In the randomized European Cooperative Study of symptomatic patients with good 
ventricular function, patients were divided into those who had S 1 mm ST depression 
and those who had~ 1.5 mm ST depression during exercise. After 5 years of fo l lowup, 
the patients with the least ST depression showed no difference in prognosis with 
surgery. However, the patients with the most ST depression showed a modest, but 
significant improvement in prognosis with surgery. (80) These results are shown 
in Figure 11. 
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Figure 11. Medical and surgical annual mortality of patients subdivided according 
to depth of ST depression during exercise. Data is from randomized 
European Cooperative Study 

Newer methods for assessing the reaction of coronary flow and ventricular 
function to stress using radionuclide techniques have recently been developed. 
(81-83) After time has elapsed to measure the mortality after these tests have 
been done, they may contribute to prediction of mortality. 
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The extent to which myocardium is in jeopardy should be assessed by a combination 
of symptoms and exercise test tolerance 

When symptoms and the exercise test suggest that there is little myocardium in 
jeopardy, medical prognosis is very good 

When symptoms and the exercise test suggest that much myocardium is in jeopardy, 
medica Z prognosis is not vernJ good 

When the exercise tolerance is poor, coronary anatomy is a strong independent 
predictor of prognosis 

VA Study of Non Invasive Risk Factors 

In the VA Cooperative Study of stable angina, patients were classified by a 
non invasive risk profile. While this risk profile does not fit neatly into the 
scheme of this discussion, the study does make several important points. The 
patients all had stable angina and had not had an infarct within the previous 6 
months. Patients were assigned a risk based on the following 4 variables in 
decreasing order of importance; ST depression on resting EKG, history of infarc
tion, history of hypertension, and class III-IV functional status. Patients were 
then divided into 3 equal sized groups based on the magnitude of this risk factor. 
Although just where a patient would fit into this classification scheme is dif
ficult to conceptualize, patients in the low risk tercile had either none or only 
one of the risk factors except ST depression. Patients in the high risk tercile 
usually had 3 risk factors. 

After being followed for 5 years, the medical annual mortality of the patients 
with combined 1, 2, and 3 vessel disease randomized to medical therapy is shown in 
the first column of Table 16. (10,14,15) 

Table 16. Medical Annual Mortality of Patients Subdivided According to VA Risk 
Tercile and Coronary Anatomy 

Vessel Disease 
Combined 

Risk Tercile 1' 2' 3 2 3 Left Main 

Low 1.5 2 2 

Mid 4 3 3 5 12 

High 7 3 6 8 16 

The dependence of the medical annual mortality on the risk tercile is apparent. 
From the other columns in Table 16 it is also apparent that the coronary anatomy 
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further predicts prognosis within each risk group. Notice the resemblance of 
this relationship to that between exercise tolerance and coronary anatomy. All 
coronary anatomy groups have a good prognosis in the low risk tercile. However, 
coronary anatomy is a strong predictor of prognosis in the high risk tercile. 

When the patients in the VA Study who were randomized to surgery -were sub
divided into the same risk terciles as the medical patients, there was little 
difference in the surgical annual mortality between risk groups. (14,15) This 
is shown in Table 17. 

Tablel7. Medical and Surgical Annual Mortality of Patients According to Risk 
Tercile 

Annual Mortal it.z: {%) 
No Left Main Disease Left Main Disease 

Risk Tercile Medical Surgical Medical Surgical 

Low 3 2 5 

Mid 4 3 12 2 

High 7 2 16 3 

Therefore, it seems that surgical annual mortality is fi xed at 2-3 % regardless 
of coronary anatomy or non invasive risk tercile. This table is some evidence for 
the concept that CABG "fixes" survival to an annual mortality of about 2-3%, (or 
even better due to contir.uing improvement in surgical technique), regardless of the 
expected medical survival. The difference in medical and surgical annual mortality 
would, therefore, depend on the medical annual mortality. 

Post Myocardial Infarct Period 

Evaluation of the patient in the post-infarction period has recently been 
emphasized. This period encompasses the time from approximately 1-3 weeks post 
infarct .to 6-12 months post infarct. Care of the patient before 1-3 weeks is 
generally considered under the topic of acute infarct care, while care of the 
patient after 6-12 months is generally considered under the topic of decreased 
ventricular function. The reason that the post infarct period is receiving so 
much attention is that mortality is high during this time period. Mortality is 
generally estimated at 10-15% (34,84,85,86,87) in the first year, although some 
estimates are lower. (88,89,90) If high risk patients can be detected, then 
treatment, especially by surgery, may improve the prognosis. Much more informa
tion is available on predicting medical prognosis, however, than is available on 
surgical prognosis. Another reason why evaluation during the post infarct period 
has been undertaken so widely is that this time period is both a convenient and 
psychologically appealing time to undergo evaluation. 
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The high mortality rate in the post infarct period can best be explained in 
one of two ways. The first explanation is that there is some unmeasurable factor 
~resen~ ~fter an infarction that predisposes the patient to die. In general, this 
~nstab1l1ty would seem to best be managed by a conservative plan of management. Such 
lS probably the rationale behind the longstanding admonition to not perform non 
cardiac surgery on patients for 6 months after an infarct. The other explanation 
as to why patients have a high mortality in the post infarct period is that the 
infarct establishes a new pattern of coronary artery anatomy, ventricular function, 
and myocardial jeopardy. Patients who are at high risk of dying because of this 
new pattern would tend to die early. After elimination of the high risk patients, 
the mortality would decrease. This explanation would favor a more aggressive plan 
of mana~ement. Such is the logic behind the current interest in aggressive early 
evaluat1on of the patient after an infarct. 

Initially, the safety of diagnostic techniques and CABG soon after infarction 
was of some concern. However, this fear is not justified. Maximal exercise tests 
(defined as an end point of symptoms) have been shown to be safe at 3 weeks post 
infarct, (34,88,90,78a) and submaximal tests (defined as an end point of symptoms, 
heart rate of 115-130, or Stage I of Bruce protocol, whichever comes first) have 
been shown to be safe at 11-19 days. (95,83,86,91 ,92) Since a submaximal test i s 
performed to the same workload as a maximal test in the sickest patients, that is 
those patients who have symptoms before a heart rate of 120 or Stage I, it. is prob
able that maximal tests are also safe at less than 3 weeks. However, this has not 
been documented. This point is of practical concern since many patients are dis
charged prior to 3 weeks post infarct. Cardiac catheterization has also been shown 
to be safe in the post infarct period. (93,88,84,89) These statements about the 
safety of exercise testing and cardiac catheterizati?n ar~ generalizat!ons. As !n 
the non post infarct period judgement must be exerc1sed 1n the select1on of pat1ents 
for these tests. CABG seem~ to carry about the same operative mortality in the pos t 
infarct period as at other times. (94) Earlier studies implied that operative 
mortality is higher in the post infarct period. (95) However, the indications for 
surgery in these studies were generally urgent ones for the complications of 
infarction. 

Many variables have been studied in an attempt to predict the prognosis of a 
patient after an infarct. In general, the location of an infarct, whether it is 
transmural or subendocardial and whether previous infarcts were present have been 
of little help in predicting'prognosis. (84,85,96,96, 86) Multi~essel disease is 
found in about 50% of infarcts. Multivessel disease is found sl1ghtly more commonly 
in inferior infarcts than in anterior infarcts, however, the difference in incidence 
is small. (93,88,84,34,89) The variables which have been fou~d to be most he~pful 
in predicting prognosis after an infarct are the same ones wh1ch are he~pful 1n 
the non post infarct period. Thus, the value of coronary anatomy, ventr1cul ar 
function, and the exercise test and symptoms in predicting the prognosis of a 
patient after an infarct will be reviewed. 

Coronary Anatomy 

The influence of coronary anatomy on the medical prognosis of patients foll owed 
1-3 years in 4 studies is shown in Figure 12. (88,84,89,94) In these studies, the 
results are usually given at the end of the studied time period, and for this graph 
were reduced to annual mortality by dividing by the number of years followed. This 
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method assumes that the patients died evenly over the timer period followed. This 
assumption may falsely lower the annual mortality for the first year post infarct. 
Nevertheless, the important influence of coronary anatomy on survival is evident. 
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Figure 12. Medical annual mortal i ty of post infarct patients subdivided accordin g 
to coronary anatomy. 

There is only 1 study in which medical and surgical prognosis was compared 
relative to coronary anatomy. (94) This is a retrospective study in which 43 
patients had CABG performed an average of 99 days post infarct. These patients 
were compared to 51 patients who were surgical candidates, but not operated upon . 
Patients were followed 3 years. The overall annual mortality was 6% for patients 
followed medically and 3% for patients after surgery. The medical and surgical 
annual mortality relative to coronary anatomy for this same study is shown in 
Figure 13 . 
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Figure 13. Medical and surgical annual mortality of post infarct patients 
subdivided according to coronary anatomy. The study was not 
randomized. 
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As in patients not in the post infarct period, the advantage of surgery for improv
ing prognosis seems to be in the patient with multivessel disease. 

Ventricular Function 

Ventricular function is the strongest predictor of medical prognosis in the 
post infarct period of the variables that have been studied. The relationship of 
ejection fraction (normal > .50) to annual mortality in 8 studies is shown in 
Table 18. The followup periods in most studies are 1 year. 
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Table 18. Medical Annual Mortality of Post Infarct Patients Subdivided According 
to Left Ventricular Function 

Center Ejecti-on Fraction Annual llortality (%) 

Netherlands (88) < .30 16 
> . 30 1 

Johns Hopkins (84) < .30 34 
.30 - .39 7 
. 40 - .49 4 

> .50 2 

Australia (89) < .50 7 
> .50 1 

San Diego (98) < .52 16 
> .52 0 

Johns Hopkins (97) < .40 31 
> .40 0 

Alabama ( 94) < .40 10 
> .40 4 

New Zealand (87) < .50 . 7 
> .50 0 

NHL8I (92) < .35 46 
> .35 0 

The relationship of mortality to ventricular func t ion shown on this tabl e is very 
strong. 

Although consideration of the relationship of ventricular ectopic activity to 
mortal i ty is beyond the scope of this discussion, the interrelations hip of ventric
ular ectopic activity and ventricular function should be pointed out. Appro ximatel y 
90-93 % of patients with complex ventricular ectopic activtty have ejection fractions 
below .35 ~ .40. (97,92) It is unclear whether measurement of the degree of ven
tricular ectopic activity adds any pro9nostic predictive power over measurement of 
ventricular function alone. (99,97,92} 

In the retrospect i ve study comparing medical and surgical prognosis cited in 
the previous section on coronary anatomy , the results were also divided according 
to ventricular function. (94) These results are shown in Figure 14. _ Notice tha~ 
annual mortality was lower with surgery with bo~h good and poor v~ntr~cu~ar funct1on. 
However, al so notice that both medical and surg1cal annual mortal1ty 1s 1ncreased 
with poor ventricular function. 

.. 
---.......-·-t'"--~~------------ ..... - ..... ---



- i 

! 
; 

7~··· 

33. 

10 

~8 
>-.... 
::::i 
c( .... 
a: 
06 
~ 

.J 
c( 
::> 
z 
Z4 
c( 

2 

MEDICAL SURGICAL MEDICAL SURGICAL 
EF > 0.40 EF 25·40 

VENTRICULAR FUNCTION 

Figure 14. Medical and surgical annual mortality of post infarct patients 
subdivided according to ventricular function . The study was not 
randomized. 

Symptomatic Status 

Other than patients who have severe angina, the symptomatic status of patients 
in the immediate post infarct period is difficult to judge because of the 1 imited 
activity during this period. 

Patients 
days after an 
6 months post 
to 72% if the 
a distance"). 

who have angina at rest accompanied by EKG 
infarct have a particularly bad prognosis. 
infarct varies from 33% if the EKG changes 
EKG changes are at a site distant from the 

(1 00) 

changes at less than 10 
The mortality at about 

are at the site of infarct 
infarct (i.e. "ischemia at 

At the other end of the spectrum are asymptomatic patients. In a randomized 
study, patients who were asymptomatic after having sustained at least 2 infarcts 
had a remarkably low annual mortality of only 2% after 5 years of followup, whether 
treated medically or surgically . (87) The unexpected result of this study, of 
course, was the good prognosis of patients treated medically. Partially accounting 

· 0 

\" 



-I 

' ' . ! , 
I 

1 

i 
J 
' ' l 

I 

'. 

34 . 

for this good prognosis was the exclusion criteria for the study. Patients with 
angina, left main dtsease, or heart failure were excluded. In addition, the study 
did not not begin until 2 months after the infarct and surgery was not performed 
until an average of 5 months after the infarct. 

Exercise Test 

As 1n the non post 1nfarct period, the workload that the patient can achieve 
before he has to stop for any symptom has prognosti'c value. (88,86) The dividing 
point between low and high workload in the 2 studies in Figure 15 are not the same, 
but the trend is apparent. 
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Figure 15. Medical annual mortality of post infarct patients subdivided according 
to amount of exercise tolerance. 
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The value of ST segment changes during the exercise test for predicting 
medical prognosis has been widely accepted since it was advocated in a review 
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in the New England Journal of Medicine in 1982. (34) While ST segment changes 
are of value for pred·icting prognosis, it should be realized that most of the 
dramatic evidence for the NEJM review came from one publication. (85) The 
evidence from 3 other publications are not as dramatic. (88,86,91) The results 
from these 4 studies are shown in Figure 16. 
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Figure 16. Medical annual mortality of post infarct patients subdi"vided 
according to the presence or absence of ST depression during 
exercise. 

The presence or absence of pain during the exercise test seems to be of 
little prognostic value. (85,86) 

Several other methods of judging the amount of jeopardized myocardium and 
hence estimating prognosis deserve mention. The use of radionuclide angiography 
to measure the ejection fraction and its change with exercise is being actively 
investigated at this instttution. (82,83) The present results suggest that it 
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is valuable in predicting cardiac events in the post infarct period. However, 
other investigators are guarded in thei'r enthusiasm for radionucl ide angiography 
during exercise for predicting post infarct mortality. (g2) Pulmonary edema at 
~he time of infarct, even when the ejection fracti'on measured later is good (> .45) 
lS regarded by some as a sort of stress test for jeopardized myocardium. In one 
study, patients who recovered from pulmonary edema and had a good ejection fraction 
had a very high mortality, (101) (approximately 40% at one year al~hough figures not 
exact}. Finally, the catheterization assessment of myocardium in jeopardy, as judged 
by contractile myocardial segments fed by critically diseased vessels, has prognostic 
value. (94,84) In one study, (84} patients with jeopardized segments had a 15% 
mortality while patients without jeopardized segments had a 0% mortality. 

In t he post infarat period: 

VentriauZ.ar funation is the best prediator of mediaaZ. prognosis 

Coronary anatomy, exeraise toZ.eranae, and ST segment depression on exeraise 
testing have prognostic vaZ.ue, but Z.ess than ventriauZ.ar funation 

LittZ.e information is avaiZ.abZ.e on the vaZ.ue of surgery for improving 
prognosis 

Summary and Conclusions 

I have approached this discussion from a physiologic point of view. I will 
conclude by briefly summarizing the discussion from a more clinical point of view. 
This conclusion will consider only the diagnostic and therapeutic steps concerned 
with predicting or improving prognosis. In many clinical instances, some studies 
will have already been performed to clarify diagnoses. In other instances, surgery 
will be performed to relieve symptoms. 

From a prognostic standpoint, the diagnostic approach can be aggressive in 
which case all patients have an exercise tolerance test and cardiac catheteriza
tion. Alternatively, a more conservative step wise approach can be followed. In 
Figure 17, if catheterization is performed at the outset, the diagnostic options 
can be passed over. In the case of post infarction patients, the evaluation should 
be done just prior to discharge, or at least no later than 3 weeks after the infarct. 
Obv iously, patients who are unstable or in clinical heart failure should h~ve an 
individualized approach and not necessarily the approach outlined on the d1agram. 

A diagram of the suggested approach is shown below: 

·' ..... .:. . ·-
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Figure 17. A suggested basic approach to the diagnosis and treatment of patients 
with coronary disease. The emphasis is on predicting and possibly 
improvtng prognosis. 

This diagram suggests a straightforward approach which is supported by the previous 
discussion. However, the recommendations for the patient with an ejection fraction 
< .40 are based on conjecture. Certainly CABG should only be performed if myo
cardium appears to be in jeopardy as assessed functionally by symptoms and exercise 
testing, or anatomically by coronary angiography. However, lethal arrhythmias, 
secondary to the scarred myocardium, are an important possibility. These arrhyth
mias will not be cured by CABG. (27-29) The best way to approach these arrhythmias 
or potential arrhythmias is as yet uncertain. The two most common diagnostic ap
proaches are either prolonged monitoring 002} or ventricular stimulation. (30- 33) 
If potentially lethal arrhythmias are found, they can possibly be treated by drugs, 
surgery or an implantable defibrillator. (3~) 



. ; 

~- ':':.,.,"'· .. 
• , -~ -p. 

References 

-. -~ 

..• . :"·~~·: ·t,~. -·· 

.. ' ~. :~ :_: ..... :.:;~ 

1. Detre KM, Ware J, Mantel N: Are clinical trials in coronary heart disease 
oversold or undersold? Editorial. Circ 64: 667, 1981. 

2. Schafer A: The ·ethics of the randomized 
719' 1982. 

clinical trial. N Engl J Med 307: 

3. Sackett DL: The competing objectives randomized trials. Editorial. 
N Engl J Med 303: 1059, 1980. 

4. Weinstein MC: Allocation of subjects in medical experiments. N Engl J 1·1ed 
291:1278, 1974. 

5. Byar DP, Simon RM, Friedewald WT, Schlesselman JJ, DeMets Dl, Ellenberg JH, 
Gail MH, Ware JH: Randomized clinical trials. Perspectives on some recent 
ideas. N Engl J Med 295: 74, 1976. 

6. Selzer A: On the limitation of therapeutic intervention trials in ischemic 
heart disease: A clinician's viewpoint. Am J Cardiol 49: 252, 1982. 

7. Spodick DH: Randomize the first patient: Scientific, ethical, and behavioral 
bases. Am J Cardiel 51: 916, 1983. 

8. Peto R, Pike MC, Armitage P, Breslow NE, Cox DR, Howard SV, Mantel N, McPherson K, 
Peto J, Smith PG: Design and analysis of randomized clinical trials requi r ing 
prolonged observation of each patient. Br J Cancer 34: 585, 1976 and 35: 1, 1977. 

9. Hammermeister KE: The effect of coronary. bypass surgery on survival. Progress . 
in Cardiovascular Diseases 25: 297, 1983. 

10. Takaro T, Hultgren HN, Detre KM, Peduzzi P: The Veterans Administration 
Cooperative Study of stable angina: Current status. Circ 65 (suppl II): 
II-60, 1982. 

11. European Coronary Surgery Study Group: Prospective randomized study of coronary 
artery bypass surgery in stable angina pectoris: A progress report on survival. 
Circ 65: 11-67, 1982. 

12. Russell RO, Rackley CE, Kouchoukos NT : Unstable angina pectoris: Management 
based on available information. Circ 65 {_suppl II): II-72, 1982. 

13. Principal Investigators of CASS and their Associates: National heart , lung 
and blood institute coronary artery surgery study. Circ 63 : I-1 - I-81, 
1981. 

14. Detre K, Peduzzi P, Murphy M, Hultgren H, Thomsen J, Oberman A, Takaro T, and the 
Veterans Administration Cooperative Study Group for Surgery for Coronary 
Arterial Occlusive Disease: Effects of bypass surgery on survival in patients 
tn low- and high-risk subgroups delineated by the use of simple clinical var i ables. 
c--rrc 63: 1329, 1981 . 

15. Takaro T, Peduzzi P, Detre KM, Hultgren HN, Murphy Ml, VanDer Bel-Kahn J, 
Thomsen J, Meadows WR: Survival in subgroups of patients with left main 
coronary artery disease. Veterans Administration Cooperative Study of 
surgery for coronary arterial occlusive disease. Circ 66: 14, 1982. 



! 
.j 

I 
j 

. . 
_ ..... ~ ... ~ 
~:ft.~t 

' ' \.• -.· _. . . 
·;. .. 

'· ... .;. ::'.--

~ -~ ·. 

. . ~. ·. 

16. Kirklin JW, Kouchoukos NT, Blackstone EH, Oberman A: Research related to 
surgical treatment of coronary artery disease. Circ 60: 1613, 1979. 

17. Whalen RE, Harrell FE, Lee KL, Rosati RA: Survival of coronary artery disease 
patients with stable pain and normal left ventricular function treated medically 
or surgically at Duke University. Circ 65 (.suppl II): II-49, 1982. 

18. Hammermeister KE, DeRouen TA, Dodge HT: Comparison of survival of medically 
and surgically treated coronary disease patients in Seattle Heart Watch: A 
nonrandomized study. Circ 65 (suppl II): II-53, 1982. 

19. Tukey JW: Some thoughts on clinical trials, especially problems of multiplicity. 
Science 198: 679, 1977. 

20. Lee KL, McNeer JF, Starmer CF, Harris PJ, Rosati RA: Clinical judgment and 
statistics. Lessons from a simulated randomized trial in coronary artery 
disease. Circ 61: 508, 1980. 

21. Freiman JA, Chalmers TC, Smith H Jr, Kuebler RR: The importance of beta, the 
Type II error and sample size in the design and interpretation of the randomized 
control trial. N Engl J Med 299: 690, 1978. 

22 . Ganz W, Buchbinder N, Marcus H, Mondkar A, Maddahi J, Charuzi Y, O'Connor L, 
Shell W, Fishbein MC, Kass R, Miyamoto A, Swan HJC: Intracoronary thrombolysis 
in evolving myocardial infarction. No Heart J 101: 4, 1981. 

23. DeWood MA, Spores J, Notske R, Mouser LT, Burroughs R, Golden MS, Lang HT : 
Prevalence of total coronary occlusion during the early hours of transmural myo
cardial infar.ction. N Engl J Med 303: 897, 1980. 

24. Ganz W, Ninomiya K, Hashida J, Fishbein MC, Buchbinder 
Maddahi J, Shah PK, Berman D, Charuzi Y, Geft I, Shell 
coronary thrombolysis in acute myocardial infarction: 
and clinical experience. Am Heart J 102 : 1145, 1981. 

N, Marcus H, Mondkar A, 
W, Swan HJC: Intra
Experimental background 

25. Reduto LA, Freund GC, Gaeta JM, Sma 11 i ng RW, Lewis B, Gaul d KL: Coronary 
artery reperfusion in acute myocardial infarction: Beneficial effects of 
intracoronary streptokinase on left ventricular salvage and performance. 
Am Heart J 1 02: 11 68, 1981 . 

26. Rutsch W, Schartl M, Mathey 0, Kuck K, Merx W, Dorr R, Rentrop P, Blanke H: 
Percutaneous transluminal coronary recanalization: Procedure, results, and 
acute complications . Am Heart J 102: 1178, 1981. 

27. Garan H, Ruskin JN, DiMarco JP, Derkac WM, Akins CW, Daggett WM, Austen WG, 
Buckley MJ: Electrophysiologic studies before and after myocardial revascu
larization in patients with life-threatening ventricular arrhythmias. Am J 
Cardiel 51: 519, 1983. 

28. H~·fken AH, Horowitz LN, Josephson ME: Surgery for recurrent ventricular 
tachyarrhythmias. Cardiovasc Reviews and Reports 2: 991, 1981. 

29 . Mason JW, Stinson EB, Winkle RA, Oyer PE, Griffin JC, Ross DL: Relative 
efficacy of b1 ind left ventricular aneurysm resection for the treatment of 
recurrent ventricular tachycardia. Am J Cardiel 49: 241, 1982. 

30. Josephson ME, Horowitz LN: Electrophysiologic approach to therapy of recur
rent sustained ventricular tachycardia. Am J Cardiel 43: 631, 1979. 

-·- ..._.,_,....... ....... --~~---- · "'7"'"""'_,.,... 



·~:t· · 

----------- -- -- ---~~-

,... · - - ~·· 

. ~ ... 

:·:.: ........ 

31. Kastor JA, Horowitz LN, Harken AH, Josephson ME: Clinical electrophysiology of 
ventricular tachycardia. N Engl J Med 304: 1004, 1981. 

32. Podrid P, Lampert S: Electrophysiologic approach to ventricular arrhythmias: 
A review. Cardiovasc Reviews and Reports 4: 225, 1983. 

33. Rude RE: Ventricular tachycardia. Medical Grand Rounds. UTHSC. Sept. 24, 
1981. 

34. Epstein SE, Palmeri ST, Patterson RE: Evaluation of patients after acute 
myocardial infarction. Indications for cardiac catheterization and surgical 
intervention. N Engl J Med 307: 1487, 1982. 

35. Reeves TJ, Oberman A, Jones WB, Sheffield LT: Natural history of angina pectoris. 
Am J Cardiol 33: 423, 1974. 

36. Mock MB, Ringqvist I, Fisher LD, Davis KB, Chaitman BR, Kouchoukos NT, Kaiser GC , 
Aldennan E, Ryan TJ, Russell RO Jr., MullinS, Fray D, Killip T III, and Partici
pitants in the coronary artery surgery study: Survival of medically treated 
patients in the coronary artery surgery study (CASS) registry. Circ 66: 562, 1982. 

37. Lawrie GM, Morris GC Jr, Calhoon JH, Safi H, Zamora JL, Beltengady M, Baron A, 
Silvers A, Chapman DW: Clinical results of coronary bypass in 500 patients at 
least 10 years after operation. Circ 66 (suppl 1): 1-1, 1982. 

38. Rahimtoola SH, Nunley D, Grunkemefer G, Tepley J, Lambert L, Starr A: Ten-year 
survival after coronary bypass surgery for unstable angina. N Engl J Med 308: 
676' 1983. 

39. Greene DG, Bunnell IL, Arani DT, Schimert G, Lajos TZ, Lee AB, Tandon RN, 
Zimdahl WT, Bozer JM, Kohn RM, Visco JP, Dean DC, Smith GL: Long-term survival 
after coronary bypass surgery·. Comparison of various subsets of patients with 
general population. Br Heart J 45: 417, 1981. 

40 . Califf RM, Tomabechi Y, Lee KL, Phillips H, Pryor DV, Harrell FE Jr, Harris PJ, 
Peter RH, Behar VS, Kong Y, Rosati RA: Outcome in one-vessel coronary artery 
disease. Circ 67: 283, 1983. 

41. Chaitman BR, Fisher LD, Bourassa MG, Davis K, Rogers WJ, Maynard C, Tyras DH, 
Berger· RL, Judkins MP, Ringqvist I, Mock MB, Killip T: Effects of coronary 
bypass surgery on survival patterns i_n subsets of patients with left main 
coronary artery disease. Am J Cardiol 48: 765, 1981. 

42. Conley MJ, Ely RL, Kisslo J, Lee KL, McNeer JF, Rosati RA : The prognostic 
spectrum on left main stenosis. Circ 57: 947, 1978. 

43. Campeau L, Corbara F, Crochet D, Petitclerc R: Left main coronary artery 
stenosis.- Circ 57: 1111, 1978. 

44. Leaman OM, Brower RW, Meester GT, Serruys P, Van Den Brand M: Coronary artery 
atherostJ erosts: Severity of disease, severity of angina pectoris and com
promised left ventricular function. Circ 63: 285, 1981. 

45. Harris PJ, Harrell FE Jr, Lee KL, Behar VS, Rosati RA: Survival in medically 
treated coronary artery disease. Circ 60: 1259, 1979. 



,. 

' I 
l 
j 
! 
l 
I 

; 
- ~ 

! 
·) 

. 1 

:- .s. .. ... : -· ·-_. (' -.. ~-~- ~;?- . 
•• · .. L." ..... ·~ ..• 

~ .: . .. __ . :;- -
- :-c_ ... 

·.: ::~·-;.:':_· 7" .... .: 

•. · 

,, 

46. Hammermeister KE, Kennedy JW: Predictors of surgical mortality in patients 
undergoing direct myocardial revascularization. Circ (suppl) II-ll2, 1974. 

47. Cohn PF, Gorlin R, Cohn LH, Collins JJ Jr: Left ventricular ejection fraction 
as a prognostic guide in surgical treatment of coronary and valvular heart 
disease. Am J .Cardiol 34: 136, 1974. 

48. Tyers, GFO, Williams DR, Pierce WS, Babb JD: Results of operative therapy for 
acquired heart disease: The predictive value of ejection fraction. Circ 
(suppl) III-155, 1974 (abst). 

49. Oldham HN, Kong Y, Bartel AG, et al: Risk factors in coronary artery bypass 
surgery. Arch Surg 105: 918, 1972. 

50. Kennedy JW, Kaiser GC, Fisher LD, Fritz JK, Myers W, Mudd G, Ryan TJ : Clinical 
and angiographic predictors of operative mortality from the collaborative study 
in coronary artery surgery (CASS). Circ 63: 793, 1981. 

51. Murphy ML, Hultgren HN, Detre K, Thomsen J, Takaro T, and Participants of the 
Veterans Administration Cooperative Study: Treatment of chronic stable angina. 
N Engl J Med 297: 621, 1 977. 

52. Unstable Angina Pectoris: National Cooperative Study Group: Unstable angina 
pectoris: National cooperative study group to compare surgical and medical 
therapy. Am J Cardiol 42: 839, 1978. 

53. Selden R, Neill WA, Ritzmann LW, Okies JE, Anderson RP: Medical versus surgical 
therapy for acute coronary insufficiency. A randomized study. N Engl J Med 293 : 
1329, 1975. 

54. Pugh B, Platt MR, Mills LJ, Crumbo D, Poliner LR, Curry GC, Blomqvist GC, 
Parkey RW, Buja LM, Willerson JT: Unstable angina pectoris: A randomized 
study of patients treated medically and surgically. Am J Cardiol 41: 1291, 
1 9.78. 

55. 

56. 

57. 

58. 

59. 

60. 

Alison HW, Russel RO Jr, Kouchoukos NT, Moras ki RE, Rackley CE: Coronary 
anatomy and arteriography in patients with unstable angina pectoris. Am J 
Cardiol 41: 204, 1978. 

Hultgren HN, Pfeifer JF, Angell WW, Lipton MJ, Bilisoly J : Unstable angina: 
Comparison of medical and surgical management. Am J Cardiol 39: 734, 1977. 

Hultgren HN, Shettigar UR, Miller DC: Medical versus surgical treatment of 
unstable angina. Am J Cardiol 50: 663, 1982. 

Brawley RK, Merrill W, Gott VL, Donahoo JS, Watkins L Jr, Gardner TJ: Unstable 
angina pectoris. Factors influencing operative risk. Ann Surg 191 : 745, 1980 . 

Hultgren HN: Medical versus surgical treatment of unstable angina. Am J 
Cardiol 38: 479, 1976. 

0- . 
Unstable Angina Pectoris: National Cooperat1ve Study Group: Unstable angina 
pectoris: National cooperative study group to compare medical and surgical 
therapy. Am J Cardiol 48:517,1981. 

- - -- - I -



,; I 

. ! 

., 

' i 

61. Russell RO Jr, Rackley CE, Kouchoukos NT: Unstable angina pectoris: 0o we 
know the best management? Am J Cardiol 48: 590, 1981 . 

62. Amsterdam EA, Lee G, Mason DT: Management of unstable angina: 
status and new perspectives. Am Heart J 102 : 144, 1981. 

Current 

63. Berndt TB, Miller OC, Silverman JF, Stinson EB, Harrison DC, Schroeder JS: 
Coronary bypass surgery for unstable angina pectoris: Clinical follow-up 
and results of postoperative treadmill electrocardiograms. Am J Med 58: 
171,1975. 

64. Uhl GS, Froelicher V: Screening for asymptomatic coronary artery disease. 
J Am Co11 Cardiol 1: 946, 1983. 

65. ~ohn PF, Harris P, Barry WH, Rosati RA, Rosenbaum P, Waternaux C: Prognostic 
1mportance of anginal symptoms in angiographically defined coronary artery 
disease. Am J Cardiol 47: 233, 1981. 

66. Wynne J, Cohn LH, Collins JJ Jr, Cohn PF: Myocardial revascularization in 
patients with multivessel coronary artery disease and minimal angina pectoris. 
Circ (suppl) 58: I-92, 1978. · 

67. Thurer RL, Lytle BW, Cosgrove DM, Loop FD: Asymptomatic coronary artery 
disease managed by myocardtal revascularization. Results at 5 years. 
Cardiovasc Surg (suppl I) 60: I-14, 1979. 

68. Grondin CM, Kretz J-G, Vouhe P, Tubau JF, Campeau L, Bourassa MG: Prophylactic 
coronary artery grafting in pattents with few or no symptoms. Ann Thorac Surg 
28 : 11 3. 1 97 9. 

69. Hickman JR Jr, Uhl GS, Cook RL, Engel PJ, Hopkirk A: Coronary artery disease: 
Natural history and pathology. Am J Cardiol 45: 422, 1980 (abst). 

70. Froel icher VF, Thompson AJ, Longo MR Jr, Triebwasser JH, Lancaster MC: Value 
of exercise testing for screening asymptomatic men for latent coronary artery 
disease. Prog Cardiovasc Dis 18: 265, 1976. 

71. Cohn PF: Prognosis and treatment of asymptomatic coronary artery disease . 

72. 

73. 

74. 

75. 

76. 

J Am Co 11 Card i o 1 1 : 95 9, 1 983. 

Kent KM, Rosing DR, Ewels CJ, Lipson L, Bonow R, Epstein SE: Prognosis of 
asymptomatic or mildly symptomati.c patients with coronary artery disease. 
Am J Cardiol 49, 1823, 1982. 

The Committee on Exercise: Exercise testing and training of apparently 
healthy individuals: A handbook for physicians. Am Heart Assoc. 1972. 

Bruce RA DeRouen T, Peterson DR, Irving JB, Chinn N, Blake B, Hofer V: 
Noninvasive predictors of sudden cardiac death in men with coronary heart 
disease. Am J Cardiol 39: 833, 1977. 

~ 
Weiner DA, McCabe CH, Ryan TJ: Prognostic assessment of patients with 
coronary artery disease by exercise testing. Nn Heart J 105: 749, 1983. 

Podrtd PJ, Graboys TB, Lown B: Prognosis of medically treate~ patie~ts 
with coronary-artery disease with profound ST-segment depress1on dur1ng 
exercise testing. N Engl J Med 305: 1111, 1981. 



.. - ~'...· 

77. 

78. 

--, ·_ 

Dagenais GR, Rouleau JR, Christen A, Fabia J: 
strongly positive exercise electrocardiogram. 

- .. 

Survival of patients with a 
C i rc 65 : 45 2, 1 982. 

McNeer JF, Margolis JR, Lee K~, Kisslo JA, Peter RH, Kong Y, Behar vs, 
Wallace. AG, McCan~s CB, Rosatl RA: The role of the exercise test in the 
evaluat1on of pat1ents for ischemic heart disease. Circ 57: 64, 1978. 

78a. Davidson DM, ~eBusk RF: Prognostic value of a single exercise test 3 weeks 
after uncompl1cated myocardial infarction. Circ 61: 236, 1980. 

79. Colby ~· ~akki ~· Iskandrian AS, Mattleman S: Hemodynamic, angiographic 
a~d sc1nt1graph1c correlates of positive exercise electrocardiograms: Empha
Sls on strongly positive exercise electrocardiograms. J Am Coll Cardiol 2: 
21 • 1983. 

80. European Coronary Surgery Study Group. Long-term results of prospective 
randomised study of coronary artery bypass surgery in stable angina pectoris. 
The lancet; Nov 27, 1982. 

81. Kent KM, Borer JS, Green MV, Bacharach SL, Mcintosh CL, Conkle OM, Epstein SE: 
Effects of coronary-artery bypass on global and regional left ventricular 
function during exercise. N Engl J Med 298: 1434, 1978. 

82. Nicod P, Corbett JR, Firth BG, lewis SE, Rude RE, Huxley R, Willerson JT: 
Prognostic value of resting submaximal exercise radionuclide ventriculography 
~fter acute myocardial infarction in high-risk patients with single and multi
vessel disease. Am J Cardiol 52: 30, 1983. 

83. Corbett JR, Dehmer GJ, Lewis SE, Woodward W, Henderson E, Parkey RW, Blomqvist CG, 
Willerson JT: The prognostic value of submaximal exercise testing with radio
nuclide ventriculography before hospital discharge in patients with recent myo
cardial infarction. Circ 64: 535, 1981. 

84. Taylor GJ, Humphries J, Me11its ED, Pitt B, Schulze RA, Griffith LSC, Achuff SC: 
Predictors of clinical course, coronary anatomy· and left ventricular function 
after recovery from acute myocardial infarction. Circ 62: 960, 1980. 

85. Theroux P, Waters DO, Halphen C, Debaisieux J-C, Mizgala HF: Diagnostic value 
of exercise testing soon after myocardial infarction. N Engl J Med: 301: 341, 
1979. 

86. Weld FM, Chu K-L, Bigger JT, Rolnitzky LM: ~isk . strati~icatio~ with low-level 
exercise testing 2 weeks after acute myo~;ard1al 1.nfarct1on. C1rc 64: 306, 1981. 

87. 

88. 

89. 

Norris RM, Agnew TM, Brandt PWT, Graham KJ, Hill DG, Kerr AR, Lowe JB, Roche 
AHG, Whitlock RML, Barratt-Bayes BG: Coronary- surgery after ~ecurrent m~o
cardial infarction: Progress of a trial comparing surgical w~th nonsur~1cal 
management for asymptomatic patients with advanced coronary d1sease. C1rc 
63: 785. 1 98, . 

De Feyter PJ, <Y.,an Eenige MJ, Dighton OH, Visse~ FC, DeJong J, Roos JP: Prog
nostic value of exercise testing, coronary ang1ography and left ventr1culography 
6~8 weeks after myocardial infarction. Circ 66 : 527, 1982. 

Roubin GS, Harris PJ, Bernstein L, Kelly DT: Coronary anatomy and prognosis 
after myocardial infarction in patients 60 years of age and younger. Circ 
67: 743, 1983. 



.! 

. -~ 
. : 
. ~ 

.. 

-------

90. Sami ~1. Kraemer H, DeBusk RF: The prognostic significance of serial exercise 
testing after myocardial infarction. Circ 60: 1238, 1979 . 

91. Starling MR, Crawford MH, O'Rourke RA: Superiority of selected treadmill 
exercise protocols predischarge and six weeks postinfarction for detecting 
ischemic abnormalities. Am Heart J 104: 1054, 1982. 

92. 

93. 

94. 

95 . 

96. 

97. 

98. 

99. 

Borer JS, Rosing DR, Miller RH, Stark RM, Kent KM, Bacharach SL, Green MV, 
Lake CR, Cohen H, Holmes D, Donohue D, Baker W, Epstein SE: Natural history of 
left ventricular function during 1 year after acute myocardial infarction: 
Comparison with clinical, electrocardiographic and biochemical determinations. 
Am J Card i o 1 4 6: 1 , 1 980. 

Betriu A, Castaner A, Sanz GA, Pare JC, Rotg E, Call S, Magrina J, Navarro
Lopez F: Angiographic findings 1 month after myocardial infarction: A pros
pective study of 259 survivors. Circ 65: 1099, 1982. 

Rogers WJ, Smith LR, Oberman A, Kouchoukos NT, Mantle JA, Russell RO Jr, 
Rackley CE: Surgical vs nonsurgical management of patients after myocardial 
infarction. Circ (suppl I) 62: 1-67, 1980. 

Dawson JT, Hall RJ, Hallman GL Cooley DA: Mortality in patients undergoing 
coronary artery bypass surgery after myocardial infarction. Am J Cardiel 33: 
483 , , 974. 

Geltman EM, Ehsani AA, Campbell MK, Schechtman K, Roberts R, Sobel BE: The 
influence of location and extent of myocardial infarctton on long-term ven
tricular dysrhythmia and mortality. Circ 60: 805, 1979. 

Schulze RA Jr, Strauss HW, Pitt B: Sudden death in the year following myo
cardial infarction. Am J Med 62: 192, 1977. 

Battler A, Slutsky R, Karliner J, Proelicher V, Ashburn W, Ross J Jr: Left 
ventricular ejection fraction and first third ejection fraction early after 
acute myocardial infarction: Value for predicting mortality and morbidity. 
Am J Cardiel 45: 197, 1980. 

Rapaport E, Rem~dios P: The high rtsk patient after recovery from myocardial 
infarction: Recognition and management. J Am Call Cardiol 1: 391, 1983 . 

100. Schuster EH, Bulkley BH : Early post-infarction angina. N Engl J Med 305: 
11 01 ' 1 981 • 

101. Warnowicz MA, Parker H, Cheitlin MD: Provnosfs of patients with.acu~e 
pulmonary edema and normal ejection fract1on after acute myocard1al ln
farction. Circ 67, 330, 1983 . 

~ 102. Lawn B: Management of patients at high risk of sudden death. Am Hear t J 
103: 589, 1922. 

103. Waldo, AL: Seminar on surgical therapy for ventricular arrhythmias. Am J 
Cardiel 49: 163-248, 1982. 


